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Presentation Notes
The process of becoming nicotine dependence is a many step process-
It involves the initiation of smoking, in other words, who will take a first puff of a cigarette.  Many antismoking campaigns focus on this first step of initiation, encouraging adolescents not to smoke.
The next step on the pathway to nicotine dependence is the development of regular smoking.  Regular smoking is defined in many studies as smoking 100 cigarettes or more.  Most individuals who pass this threshold of smoking 100 or more cigarettes go on to smoke daily.
Nicotine dependence represents the step where individuals who are regular smokers develop tolerance and withdrawal.  Tolerance develops so that the individual needs to smoke more in order to get the same effect.   Withdrawal is where characteristics unpleasant symptoms develop when nicotine no longer used.
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Sequence variants at CHRNB3—

affect smoking behavior

Smoking is a common risk factor for many diseases’. We
conducted genome-wide assocation meta-analyses for the
number of cigarettes smoked per day (CPD) in smokers

(= 31,266) and smoking inibiation (i1 = 46,481) using samples
from the ENGAGE Consortium. In a second stage, we tested
selected SNPs with in sifico replication in the Tobacco and
Genetics (TAG) and Glaxo Smith Kline (Ox-GSK) consortia
cehorts (n = 45,691 smokers) and assessed some of thoseina
third sample of European ancestry (n = 9,04 0). Varianis in three
genomic regions associated with CPD (P < 5 x 1078), including
previowsly identified SNPs at 15q25 represented by rs1051730[A]
(effect size = 0.80 CPD, P=2.4 x 107°%), and SNPs at 1913 and
8p11, represented by rs4105144[C] (effectsize = 0.39 CPD,
P=2.2 %102 and rs6474412-T (effect size = 0.29 CPD,

P=1.4 x 1079), respectively. Among the genes at the two newly
associated loal are genes encoding nicetine-metabolizing
enzymes (CYP2A6 and CYP286) and nicotinic acetylcholine
receptor subunits (CHRNB2Z and CHRNA®G), all of which have
been highlighted in previous studies of smoking and nicotine
dependence®?. Nominal associations with lung cancer were

CHRNAG and CYP2A6
Thorgeirsson et al., 2010

ohserved at both 8p11 (rs6474412[T], odds ratio (OR) =1.09,
P=0.04) and 19q13 (rs4105144[C], OR = 1.12, P = 0.0006).

Smoking behavior and nicotine dependence are considered to be
influenced by genetics®. Although environmental influnences play a
strong role inthe initiation of smoking®, the heritability of smoking
persistence, smoking quantity and nicotine dependence has beert high
in most twin studies®”, Sequence variants within a cluster of genes
onchromosome 15925 that encode nicotinic acetvlcholine receptors
(nAChRs) have recently beenshown to associate with CPD®? nicotine
dependence®® and smoking-related diseases such as lang cancer®®!1,
peripheral arterial disease (PAD)® and chronic obstructive pulmonary
disease (COPD)12

To search for additional common variants associated with smoking
behavior, we performed meta-analyses of genome-wide association
(GWA) studies, mainly using samples of Enropean ancestry from
the ENGAGE consortinm (see URLs) and focusing on two smoking
phenotypes: CPD and smoking initiation. The smoking initiation
analysis was performed with a total of 30,431 ever-smokers and 16,050
never-smokers, nsing data from 12 GWaA studies: Corogene, deCODE,
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Genome-wide meta-analyses identify multiple loci
associated with smoking behavior
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Meta-analysis and imputation refines the association of
1525 with smoking quantity Liu et al., 2010

Smoking is a leading global cause of disease and mortality.

We established the Oxiord-GlaxoSmithKline study (Ox-G5K) to
perform a genome-wide meta-analysis of SNP association with
smoking-related behavioral traits. Our final data set included
41,150 individuals drawn from 20 disease, population and control
cohorts. Our analysis confirmed an effect on smoking quantity

at alocus on 15q25 (P=9.45 » 1079 that includes CHRNAS,
CHRNAZ and CHRNB4, three genes encoding neuronal nicofinic
acetylcholine receptor subunits. We used data from the 1000
Genomes project to investigate the region using imputation, which
allowed for analysis of virtually all common SMPs in the region and
offered a fivefold increase in marker densily over HapMap?2 (ref. 2)
as an imputation reference panel. OQur fine-mapping approach
idenfified a SNP showing the highest significance, rs55853698,

located within the promoter region of CHRNAS. Conditional
analysis also identified a secondary locus (rs6495308) in CHRNAS.

Smoking behavior and nicotine dependence are multifactorial traits
with substantial genetic influences®, There is an urgent need to better
understand the molecular neurobiology of nicotine dependence in order
to design targeted, more effective l]lerapies“. Recently, genome-wide asso
clation studies {GWAS) have established one locus associated with nico
tine dependence and smoking quantity, which implicates a cluster of three
genes, CHRNAS, CHRNAZ and CHRNE4 on chromosome 15925, which
encode neuronal nicotinic acetylcholine receptor subunit 5% This locus
is also associated with lung cancer® ™!, peripheral arterial disease® and
chronic obstructive pulmonary disease and lung function®?.




Table 1 Association of markers in four chromosomal regions with CPD

Allele Combinedd
Effect
SMP Effact Other Freq. Chr. Fosition Iy (5&.m.) 2 Py E
rsl051730 A G 0339 16025 76,631,394 76972 0800005 24x 109" 003532

rsed 4412 T C 0.784 8pll 42669655 34956 029005 14x10° 024 13
rs13250604 A (3 0.784 8pll 42675742 76670 031005 13x10* 024 14

rs2lbald (3 A 0356  7pld 32313860 36259 022004 21x10-7 001534
5215605 (3 " 07357 Fpld 32303 490 77012 026004 54x10° 012 22
s F937 T G 0.560 19913 45,994,546 86319 024004 24x10% 045 1
51801272 A T 0,961 19913 46046372 &6380 068(0.18) 1.1x107 0E&0 O
rsdl0s144 i 0.704 19913 46,050,464 83317 039(0.06) 22x10°% 0E&1 O
57260329 G A 0.687 19313 46,213,478 36,092 020004 556x10° 012 21

Thorgeirsson et al., 2010




Genetic Association with Cigarettes per Day

A Proxy for Nicotine Dependence

Table 1 Association of markers in four chromosomal regions with CPD

Allele Combinedd
Effect
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Genetic Association with Cigarettes per Day
A Proxy for Nicotine Dependence

Table 1 Association of markers in four chromosomal regions with CPD

Allele Combinedd
Effect
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Chromosome 15 — the strongest genetic risk

Genome Wide Association with Cigarettes per Day
A Proxy for Nicotine Dependence

CPD
<
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Chromosome

TAG Consortium, 2010 Nature Genetics



Top meta-analysis results Locus A chromosome 15
52 SNPs correlated with rs16969968 (r? > 0.7) in 1000 Genomes CEU

Nicotinic receptor gene cluster

IREE? uctzes pae | CHRNAS-CHRNAS-CHRNB4
> el i, <
i %i “‘[ li Y — k- “ “ ________ ﬁ ﬂ‘*‘w ..... ﬂ H“
rs55853698
promoter region of CHRNAS
Liu et al., 2010
rs16969968

D398N in CHRNA5S
Saccone et al., 2010

rs1051730

synonymous in CHRNA3
Thorgeirsson et al., 2010
Liu et al., 2010

Furberg et al., 2010
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Comparative sequence analysis

The amino acid change from aspartate to asparagine (D398N) in the «5 nicotinic
receptor is caused by SNP rs16969968. It is a non-conservative change.

D398N

EETESGSGPKSSRNTLEAALDSIRY I TRHIMKENDVREVVEDW
EETESGSGPKSSRNTLEAALDSVRCITRHIMKENDVREVVEDW
EQTGSGGGPESSRNTMEAALDSIRY 1 TRHIVKENAVREVVEDW
EEARSSRGPRSSRNALEAALDSVRY I TRHVMKETDVREVVEDW
REEAESGAGPKSRNTLEAALDCIRY I TRHVVKENDVREVVEDW
REEAEKDGGPKSRNTLEAALDCIRY I TRHVVKENDVREVVEDW
EEKGNMSGSESSRNTLEAALDSIRY I TRHVMKENEVREVVEDW

Bierut et al., 2008

Homo sapiens

Pan troglodytes
Saimiri boliviensis
Bos taurus

Rattus norvegicus
Mus musculus

Gallus gallus



16969968 a non-synonymous coding change in the
intracellular domain of CHRNAS
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A large N terminal extracellular domain including two agonist binding sites four transmembrane (4TM) segments with the M2 domain comprising the cation-selective pore
Members of a superfamily of ligand-gated ion channels that mediate fast signal transmission at synapses. 
The nAChRs are thought to be (hetero)pentamers composed of alpha and non-alpha subunits.
Acetylcholine binding causes extensive change in conformation that affects all subunits and leads to opening of an ion-conducting channel across the plasma membrane
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D398 N398
Chrnab Variant

The amino acid
change alters
receptor function.

Bierut et al., 2008
From the laboratory of
Jerry Stitzel
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Targeted SNPs based on biological function
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MRNA levels of CHRNAS
(Wang et al., 2008 and 2009;
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Smith et al., 2010)



Presenter
Presentation Notes
28
Put pvals from the 4 meta-analyses


MRNA expression of CHRNAS

An endophenotype
1.0+
=
% 0.84 R
3 . Minor allele of rs588765 is
- . associated with increased
Qzé > mRNA expression of
v : \ CHRNAS in human frontal
S o cortex.
: _
£ ) . Ry This SNP explains 42% of
£ %1 . 5#'“ : ,s the variance in mRNA
s ol T L expression.
oy 5L .
0.0 ! T Y
LL LS SS
Wang et al., 2009a p=1.11x10°

Wang et al., 2009b

_ The bars represent mean £ SD of CHRNAS5 mRNA expression.
From the lab of Alison Goate
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Multiple Independent Loci at Chromosome 15g25.1 affect smoking
guantity: a meta-analysis and comparison with lung cancer and COPD

ABSTRACT

Recently, genetic association findings for nicotine dependence, smoking behavior
and smoking-related diseases converged to implicate the 15925.1 region, which
includes the CHRNA5-CHRNA3-CHRNB4 cholinergic nicotinic receptor subunit
genes. In particular, association with the nonsynonymous CHRNAS SNP
rs16969968 and correlates has been replicated in several independent studies.
Extensive genotyping of this region has suggested additional statistically distinct
signals for nicotine dependence, tagged by r578776 and rs588765. As part of the
consortium for Genetic Analysis of Smoking Phenotypes (CGASP), our goal was to
elucidate the associations among these markers and dichotomous smoking
quantity (heavy versus light smoking), lung cancer, and chronic obstructive
pulmonary disease (COPD). We performed a meta-analysis across 34 datasets of

Saccone et al., 2010 in press



OPEN @ ACCESS Freely available online P1oS

Multiple Independent Loci at Chromosome 15g25.1 affect smoking
guantity: a meta-analysis and comparison with lung cancer and COPD

ABSTRACT

Meta-analysis across 34 datasets
38,617 smokers who were assessed for cigarettes-per-day,
7,700 lung cancer cases and 5,914 lung-cancer-free controls, and

2,614 COPD cases and 3,568 COPD-free controls
signals for nicotine dependence, tagged by r578776 and rs588765. As part of the
consortium for Genetic Analysis of Smoking Phenotypes (CGASP), our goal was to
elucidate the associations among these markers and dichotomous smoking
quantity (heavy versus light smoking), lung cancer, and chronic obstructive
pulmonary disease (COPD). We performed a meta-analysis across 34 datasets of

Saccone et al., 2010 in press



PLoS

OPEN @ ACCESS Freely available online

Multiple Independent Loci at Chromosome 15g25.1 affect smoking
guantity: a meta-analysis and comparison with lung cancer and COPD

ABSTRACT

Meta-analysis across 34 datasets
38,617 smokers who were assessed for cigarettes-per-day,
7,700 lung cancer cases and 5,914 lung-cancer-free controls, and

2,614 COPD cases and 3,568 COPD-free controls
signals for nicotine dependence, tagged by r578776 and rs588765. As part of the
consortium for Genetic Analysis of Smoking Phenotypes (CGASP), our goal was to
elucidate the associations among these markers and dichotomous smoking

s16969968 OR=1.33 p=5.96 x 103!
sS88765 OR=1.17 p=6.03x107°

Saccone et al., 2010
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ADD Health
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Litah
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Summary

OR
1.50
220
1.38
1.52
1.
0.90
1.37
1.34
1.81
1.49
1.12
0.85
1.42
1.48
1.25

95% C.1L
(1.28-1.75)
(1.31-3.69)
(0.76-2.52)
(0.91-2.54)
(0.65=2.63)
(0.53-1.54)
(1.22-1.53)
(1.12=1.61)
(1.36-2.42)
(1.01-2.19)
(0.85-1.48)
(0.57-1.59)
(1.15-1.77)
(1.14-1.92)
(1.01=1.54)
(0.86-1.81)
(0.65-2.29)
(0.87-1.62)
(1.02-1.81)
(0.96-1.33)
(0.75=5.01)
(1.29-1.74)
(1.13-1.62)
(1.02-1.61)
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(1.07-1.47)
{(0.60-1.35)
(1.34-7.14)
(0.97-1.33)
(1.12-1.95)
(0.91-1.70)

Total

95% Cl
(1.26-1.39)

Casa/Control
6411010
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a0r28
51141
1443NM377
4610624
Tranar
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244191
™TT
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1250M 44
1135250
13796
33118
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142/487
734/592
4529
B41/699
12547379
359°305
243158
BAT2
45T/481
51107
GE2563
23462
143722
1098503
133178
154214
1445210355

Pvalue
5.96e-31

Similar genetic risk

seen across studies
recruited for a
variety of conditions
such as diabetes,
hypertension,
cancer,
schizophrenia.

Saccone et al., 2010
Plos Genetics
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= Two distinct variants are associated with

smoking

e Joint analysis:
locus A (rs16969968): p = 3.52 x 1036, OR = 1.47

locus B (rs588765): p =6.03x 109 OR=1.17
“Genome-wide significant”


Presenter
Presentation Notes
Versus yellow, which shows up in single snp analysis.


= Two distinct variants are associated with

smoking

“Genome-wide significant”


Presenter
Presentation Notes
Versus yellow, which shows up in single snp analysis.


= Two distinct variants are associated with

smoking

e Joint analysis:
locus A (rsl6969968) p 3.52 x 10-3°, OR = 1.47

enome-wide significan

« This biologically relevant locus has a distinct, highly
significant effect on smoking; connects ¢5-mRNA levels
to smoking behavior
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significant effect on smoking; connects ¢5-mRNA levels
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Other Interesting facts

* This chromosome 15 region is related to the
risk of cocaine dependence — but an opposite
effect.

— Grucza et al., 2008 and Sherva et al., 2010
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US Cigarette Use vs. Lung Cancer Deaths, 1900 - 2010
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Death rates sources: Public-use data files, National Vital Statistics System, National Center for Health Statistics, Centers for Disease Control and Prevention;
and Jemal et al., CA Cancer J Clin, 2010. Cigarette consumption sources: Tobacco Outlook Report, Economic Research Service, US Department of Agriculture;
and Alcohol and Tobacco Trade and Tax Bureau, US Department of Treasury.
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Cessation-
The Final Step

Initiation

First puff — First cigarette

Smoker

100 cigarettes lifetime

.

Nicotine Dependence

Never Use
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The process of becoming nicotine dependence is a many step process-
It involves the initiation of smoking, in other words, who will take a first puff of a cigarette.  Many antismoking campaigns focus on this first step of initiation, encouraging adolescents not to smoke.
The next step on the pathway to nicotine dependence is the development of regular smoking.  Regular smoking is defined in many studies as smoking 100 cigarettes or more.  Most individuals who pass this threshold of smoking 100 or more cigarettes go on to smoke daily.
Nicotine dependence represents the step where individuals who are regular smokers develop tolerance and withdrawal.  Tolerance develops so that the individual needs to smoke more in order to get the same effect.   Withdrawal is where characteristics unpleasant symptoms develop when nicotine no longer used.
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